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Wednesday, February 6, 2013 543aThe accessory protein TRIP8b has been shown to modulate expression
level, cellular localization, and cyclic nucleotide-dependent regulation of
hyperpolarization-activated cyclic nucleotide-gated (HCN) channels. The
mechanism through which TRIP8b exerts these effects is poorly understood.
Work from this lab, as well as others, has shown that TRIP8b and HCN2 inter-
act in two places. The first site is between the terminal three residues of HCN
and the tetratricopeptide repeat (TPR) domains of TRIP8b. We previously
solved the X-ray crystal structure of this binding site bound to a peptide of
the terminal 7 amino acids of HCN2. The second interaction involves the cyclic
nucleotide-binding domain (CNBD) of HCN and a highly conserved region of
TRIP8b N-terminal to the TPR domains. This binding site is sufficient to im-
pact the cyclic nucleotide dependence of HCN channels. Here we use biochem-
ical and biophysical techniques on isolated domains of each protein to begin to
understand the second interaction site between the CNBD and the TRIP8b con-
served domain. Light-scattering size-exclusion chromatography demonstrated
that TRIP8b and HCN2 form a 2:1 complex when co-expressed and that
TRIP8b, when expressed alone, forms both dimer and monomer. Surprisingly
the CNBD of HCN2 interacts preferentially with the dimeric form of TRIP8b.
In contrast, using a fluorescently labeled peptide of the terminal 7 amino acids
of HCN2, we demonstrate that the carboxy terminal tripeptide of HCN2 is able
to bind both the dimeric and monomeric forms of TRIP8b. The ability of the
CNBD to discriminate between monomeric and dimeric TRIP8b suggests an
interesting potential mechanism through which the impact of binding on the
cyclic nucleotide-dependent regulation of HCN channels can be tuned by con-
trolling the oligomeric state of TRIP8b.
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Rapid excitatory synaptic transmission is carried out primarily by glutamate-
gated AMPA receptors. In the last few years, a number of AMPA receptor
auxiliary proteins have been identified which assemble with the AMPAR at
synapses to aid in the trafficking and alter the gating of channel. The prototyp-
ical auxiliary protein is stargazin, or g2, which is a member of the transmem-
brane AMPA receptor regulatory protein (TARP) family. Stargazin slows
desensitization and deactivation, increases the frequency of opening to larger
conductances and increases the relative efficacy of partial agonists such as
kainate. At present, the structural mechanism by which TARPs enhance
AMPAR gating is unclear but there are two distinct possibilities. First, TARPs
may stabilize the ligand binding domain in more closed conformations,
promoting the activation of the channel. And second, TARPs may increase
the probability of opening the channel by increasing the efficiency of coupling
between changes at the ligand binding domain and channel segments. To dis-
tinguish between these alternatives, we used previously characterized ligand
binding domain mutations which de-stabilize the closed-bound states of the
channel and asked whether stargazin could rescue gating in these mutants.
using rapid perfusion in outside-out patches in both desensitizing and non-
desensitizing conditions we found that stargazin rescued deficits in gating
as measured by the ratio of glutamate to quisqualate responses and single
channel conductance, suggesting that TARPs work by stabilizing closed-cleft
states of the ligand binding domain. We further tested this hypothesis using
FRET to directly measure conformation changes of the ligand binding domain
in AMPAR alone or with stargazin. Preliminary FRET experiments are consis-
tent with our electrophysiology data and support the hypothesis that TARPs
enhance AMPAR gating by stabilizing closed bound states of the ligand
binding domain.
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The nicotinic acetylcholine receptor (nAChR) is a very important pentameric
ligand-gated ion channel in the central and the peripheral nervous systems.
The structure of nAChR has been determined byMiyazawa et al in 2003. Based
on the structural analysis of these proteins, two models were proposed to ex-
plain the gating mechanism of nAChR. One is Rotation and the other is Tilt.
In this study, we succeeded in two-dimensional (3D) dynamic single moleculeobservations of nicotinic acetylcholine receptor (nAChR) using micro-second
x-ray single molecular tracking technique, we called, Diffracted X-ray Track-
ing (DXT). When acetylcholine (ACh) binds to nAChR, the essential dynamics
have some micro-second combinatorial intramolecular motions between tilting
and rotation. Here we show the dynamical motions associated with the channel
gating from 2-rotational axes dynamical histograms of the internal molecular
displacements under the presence of some ligands.
We applied high-speed DXT to nAChR in the time scale of 100ms which is
assumed channel opening time from the study of patch cramp. We observed
the motions of nAChR in the presence and absence of ACh, carbachol, and
a-bungarotoxin. In the presence of ACh, both tilting and rotational motions
are activated. Thus, we think combination of tilt and rotate is essential for
the gating mechanism. In both rotation and tilting intramolecular motions of
AChR, DXT under the presence of a-bungarotoxin was able to detect smaller
motions than that under a free condition. The super-highly precise characters of
our DXT suggest a possibility that the important intramolecular motions of all
channel proteins will be detectable.
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Membrane protein function is regulated by the host lipid bilayer. This regula-
tion may be lipid-dependent (due to specific lipid-protein interactions), bilayer-
dependent (due to changes in bilayer material propertiesbilayer thickness,
lipid intrinsic curvature and bilayer elastic moduli) or some combination of
the two. The bilayer-dependent regulation arises because the conformational
changes that underlie membrane protein function usually involve the proteins’
bilayer-spanning domains, which causes protein conformational changes to
alter the local lipid packing adjacent to the protein. This bilayer deformation
has an energetic cost that contributes to the energetics of the membrane protein
conformational change. The bilayer deformation energy varies with changes in
the chemical composition of the bilayer_meaning that the bilayer becomes
a regulator of membrane protein function. One can measure the energetic
consequences of changes in bilayer material properties, as sensed by bilayer-
spanning channels, using the bilayer-spanning gramicidin (gA) channels as
probes. gA channels are near-ideal reporters of changes in bilayer properties
because: they form by the trans-bilayer dimerization of two non-conducting
subunits; and their hydrophobic length is less than the hydrophobic thickness
of the bilayer core. gA channel formation thus produces a well-defined bilayer
deformation, and changes in the associated deformation energy will shift the
gA monomer4dimer equilibrium and be observed as changes in the channel
appearance rate (f) and lifetime (t), as well the time-averaged channel density
(= f$t). When amphiphiles adsorb at the bilayer/solution interface, they alter
lipid bilayer properties like intrinsic curvature and elasticity, which in turn
will alter the bilayer deformation energy associated with protein conforma-
tional changes. That is, biologically active amphiphiles (including drugs and
phytochemicals) may alter membrane protein function not only by specific
binding to but also by altering the physical properties of the host bilayer, which
can be probed using gA channels.
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Mechanosensitive (MS) ion channels, are membrane-bound force transducing
molecules present in organisms, ranging from bacteria to man. In spite of their
importance, the working mechanism of MS channels is still unknown. Bacterial
MS channels have been the object of the study of mechano-sensation for the
past decade. They sense changes in membrane tension invoked by osmotic
stress and as a response they undergo structural rearrangements and generate
large transient pores in the membrane. Even when isolated from their native
membrane environment and reconstituted into artificial membranes composed
of synthetic lipids, they are still capable of mechano-sensing and responding to
the alteration in membrane tension. This suggests that sensing occurs at the
protein-lipid interface. The hypothesis is that bilayer deformations determine
protein conformation, therefore function, of MS channels. How this happens,
is not yet known. Mechano-sensitive channel opening is thought to be associ-
ated with a change in the protein’s membrane-occupied area, its hydrophobic
